Introduction {#S0001}
============

Oral cancer is one of the top 10 most common types of malignancies for both incidence and mortality.[@CIT0001] According to the latest GLOBOCAN statistics, oral cancer in 2018 only affected 354,864 new cases, accounting for 2.0% of all new cancer cases.[@CIT0002] During the same year, oral cancer caused 177,384 deaths, which were 1.9% of all cancer deaths in 2018.[@CIT0002] Occurrence of oral cancer is associated with multiple risk factors, such as tobacco smoking, alcohol consumption and human papillomavirus (HPV) infections.[@CIT0003]--[@CIT0006] Increased understanding of the molecular mechanisms of oral cancer has provided novel insights into the treatment of this disease, while molecular pathways involved in this disease remain elusive.[@CIT0007]

The development and progression of oral cancer involve the regulations of multiple molecular pathways.[@CIT0008],[@CIT0009] Understanding the interactions among molecular players involved in this disease is critical for the development of novel anticancer therapies, such as targeted therapies.[@CIT0010] Non-coding RNAs (ncRNAs), such as long (\>200 nt) ncRNAs (lncRNAs) and miRNAs are emerging novel players in cancer biology.[@CIT0011] Oncology studies have shown that regulation of certain lncRNAs may suppress the development of cancer.[@CIT0012] However, the functionality of most lncRNAs in cancer remains elusive. LUADT1 has been characterized as an oncogenic lncRNA in lung cancer,[@CIT0013] while its roles in other cancers are unknown. We performed bioinformatics analysis and found that LUADT1 may interact with miR-34a, which can target GAS1 to promote cancer development.[@CIT0014] This study was therefore carried out to investigate the interaction between LUADT1 and miR-34a in oral squamous cell carcinoma (OSCC), which is a major subtype of oral cancer.

Patients and Methods {#S0002}
====================

OSCC Patients {#S0002-S2001}
-------------

A total of 70 OSCC patients (43 males and 27 females, 48 to 76 years old, mean age 61.7 ± 4.9 years old) admitted at Jinan Stomatological Hospital between May 2012 and May 2014 were enrolled in this study. Before the admission of patients, this study was approved by the Ethics Committee of Jinan Stomatological Hospital (No. JSH2012OSCC02758) and was conducted in accordance with the Declaration of Helsinki. All patients had not been treated with any therapies within half year before admission. All patients were diagnosed for the first time and recurrent OSCC cases were excluded. Fine needle biopsies were performed on all 70 patients to collect OSCC tumor tissue and paired non-tumor (within 2 cm around tumors) specimens. All patients signed the written informed consent.

Therapies and 5-Year Follow-Up {#S0002-S2002}
------------------------------

The 70 patients were first staged according to AJCC criteria. The 70 patients were classified into 4 stages, including 17, 22, 17 and 14 cases at stage I, II, III, and IV, respectively. Therapies, including surgical resections, radiotherapies, chemotherapies and the combination of them, were performed on patients according to their health conditions and clinical stages. A 5-year follow-up was performed on all 70 patients and all of them completed the follow-up.

Cells and Cell Culture {#S0002-S2003}
----------------------

Human OSCC cell line SCC090 (ATCC) was used. Cells were cultivated in a culture medium composed of 10% FBS and 90% Eagle's Minimum Essential Medium (2mM L-glutamine) in a 5% CO~2~ incubator at 37 °C. Cells were collected at about 85% confluence for subsequent experiments.

Lipofectamine 2000-Mediated Transient Transfection {#S0002-S2004}
--------------------------------------------------

Constructions of LUADT1 and GAS1 were performed using pcDNA3.1 vector as backbone. Design and synthesis of LUADT1 siRNA, NC siRNA, miR-34a mimic as well as negative control (NC) miRNA were performed by Invitrogen. SCC090 cells were transfected with 45 nM miRNA or siRNA, or 10 nM vector using lipofectamine 2000 (Invitrogen). Transfection with empty pcDNA3.1 vector, NC siRNA, or NC miRNA were used as NC group. Cells with no transfections were used as the control (C) group. Overexpression effect was confirmed at 48 h post-transfection.

Dual-Luciferase Activity Assay {#S0002-S2005}
------------------------------

Basic version of pGL3 luciferase reporter vector (Promega) was used as the backbone to establish LUADT1 vector. The vector construction service was provided by Promega. SCC090 cells were co-transfected with 1) LUADT1 vector combined with NC miRNA (NC miRNA group); 2) LUADT1 vector combined with miR-34a mimic (miR-34a group) using lipofectamine 2000 (Invitrogen). The Luciferase Assay System (BPS Bioscience) was used to measure luciferase activity at 48 h after transfections.

Preparation of RNA Samples {#S0002-S2006}
--------------------------

All tissue samples were ground in liquid nitrogen. SCC090 cells were washed with PBS. Total RNAs were extracted from tissues and cells using Trizol reagent (Invitrogen, USA). RNA precipitation and washing were performed using 85% ethanol to harvest miRNA. Nanodrop 2000 (Thermo Scientific) was used to measure the RNA concentration.

RT-qPCR Assay {#S0002-S2007}
-------------

The qScript One-Step SYBR Green RT-qPCR (Quantabio) was used to perform RNA reverse transcriptions and qPCRs to measure the expression levels of LUADT1 and GAS1 mRNA with GAPDH as endogenous control. The All-in-One™ miRNA qRT-PCR Reagent Kit (Genecopoeia) was used to perform miRNA reverse transcriptions and qPCR reactions to measure the expression levels of mature miR-34a with U6 as endogenous control. Three replicate reactions were included in each experiment and Ct values were calculated using 2^−ΔΔCT^ method.

Western Blot {#S0002-S2008}
------------

SCC090 cells were washed with PBS and total proteins were extracted using RIPA solution (Invitrogen). Protein concentrations were measured using the BCA method. Separation of proteins was performed using 8% SDS-PAGE gel. Separated proteins were transferred to PVDF membranes and membranes were blocked with PBS containing 5% non-fat milk for 2 h. Following that, membranes were incubated with GAS1 (1:1000, ab236618, Abcam) and GAPDH (1:1000, ab8245, Abcam) primary antibodies at 4 °C for 12h. Membranes were then further incubated with anti-rabbit IgG-HRP secondary antibody (1:1000, ab97051, Abcam) at room temperature for 2 h. ECL (Sigma-Aldrich) was used to produce signals, which were then processed using Quantity One software.

CCK-8 Assay {#S0002-S2009}
-----------

SCC090 cells harvested at 48 h post-transfection were subjected to cell proliferation assay using the Cell Counting Kit 8 kit (CCK8, ab228554, Abcam). A 96-well cell culture plate was used to cultivate cells (6000 cells in 0.1 mL medium per well) at 37 °C. Three replicate wells were set for each experiment. Cells were harvested every 24 h after the initiation of cell culture until 96 h. CCK-8 solution was added into each well to reach a final concentration of 10% at 4 h before cell collection. OD values were measured at 450 nm to detect cell proliferation.

Statistical Analysis {#S0002-S2010}
--------------------

All experiments were repeated 3 times and statistical analyses were performed using the mean values with SPSS19.0 (SPSS Inc., USA) software. Paired *t*-test was used to compare the differences between OSCC and non-tumor tissues. Unpaired *t*-test was used to compare the differences of luciferase activity between two groups. ANOVA Tukey's test was used to compare differences among multiple groups. Correlations were analyzed by Pearson's correlation coefficient. The 70 OSCC patients were grouped into high and low LUADT1 level groups (n = 35) with median expression level of LUADT1 in OSCC tissues as cutoff value. Survival curves were plotted and compared by Log rank test. *P* \< 0.05 was considered to be statistically significant.

Results {#S0003}
=======

LUADT1 Can Interact with miR-34a {#S0003-S2001}
--------------------------------

The potential binding site between LUADT1 and miR-34a was predicted using IntaRNA.[@CIT0015] It showed that multiple base pairing can be formed between LUADT1 and miR-34a ([Figure 1A](#F0001){ref-type="fig"}). The direct interaction was assessed by luciferase activity assay, which was performed by transfecting SCC090 cells with LUADT1 vector combined with NC miRNA (NC miRNA group) or LUADT1 vector combined with miR-34a mimic (miR-34a group). Compared to NC miRNA group, significantly lower relative luciferase activity was observed in miR-34a group ([Figure 1B](#F0001){ref-type="fig"}, *p* \< 0.05).Figure 1LUADT1 can interact with miR-34a. The potential base pairs can be formed by LUADT1 and miR-34a was predicted using IntaRNA (**A**). The direct interaction between them was analyzed by luciferase activity assay, which was performed by transfecting SCC090 cells with LUADT1 vector combined with NC miRNA (NC miRNA group or LUADT1 vector combined with miR-34a mimic (miR-34a group). Experiments were repeated 3 times and mean values were presented and compared by unpaired *t*-test (**B**). \**p* \< 0.05.

The Expression of LUADT1 and miR-34a Was Altered in OSCC Tissues {#S0003-S2002}
----------------------------------------------------------------

The expression levels of LUADT1 and miR-34a in both OSCC and non-tumor tissues from 70 OSCC patients were measured by qPCR. Paired *t*-test showed that the expression levels of LUADT1 were significantly higher in OSCC tissues in comparison to that in non-tumor tissues ([Figure 2A](#F0002){ref-type="fig"}, *p* \< 0.001). In contrast, the expression levels of miR-34a were significantly lower in OSCC tissues in comparison to that in non-tumor tissues ([Figure 2B](#F0002){ref-type="fig"}, *p* \< 0.001). Survival curves were plotted and compared. It was observed that patients in high LUADT1 level group experienced significantly lower overall survival rate ([Figure 2C](#F0002){ref-type="fig"}).Figure 2The expression of LUADT1 and miR-34a was altered in OSCC tissues. Expression levels of LUADT1 (**A**) and miR-34a (**B**) in both OSCC and non-tumor tissues from the 70 OSCC patients were measured by performing qPCR. Paired *t-*test was used to compare mean values of 3 replicates. \*\*\**p* \< 0.001. The 70 OSCC patients were grouped into high and low LUADT1 level groups (n = 35) with median expression level of LUADT1 in OSCC tissues as cutoff value. Survival curves were plotted and compared by Log rank test (**C**).

LUADT1 and miR-34a Were Not Significantly Associated and They Did Not Regulate the Expression of Each Other {#S0003-S2003}
-----------------------------------------------------------------------------------------------------------

Correlations between the expression levels of LUADT1 and miR-34a were analyzed. It was observed that LUADT1 and miR-34a were not significantly correlated across OSCC tissues ([Figure 3A](#F0003){ref-type="fig"}) and non-tumor tissues ([Figure 3B](#F0003){ref-type="fig"}). To further assess the interactions between LUADT1 and miR-34a, SCC090 cells were transfected with LUADT1 expression vector, LUADT1 siRNA or miR-34a mimic. Overexpression of LUADT1 and miR-34a as well as silencing of LUADT1 was confirmed at 48 h post-transfection by qPCR ([Figure 3C](#F0003){ref-type="fig"}, *p* \< 0.05). Compared to C and NC groups, overexpression of LUADT1 and miR-34a did not affect the expression of each other. The silencing of LUADT1 also did not affect the expression of miR-34a ([Figure 3D](#F0003){ref-type="fig"}, *p* \< 0.05).Figure 3LUADT1 and miR-34a were not significantly associated and they did not regulate the expression of each other. Correlations between expression levels of LUADT1 and miR-34a across OSCC tissues (**A**) and non-tumor tissues (**B**) were analyzed by Pearson's correlation coefficient. SCC090 cells were transfected with LUADT1 expression vector or miR-34a mimic. Overexpression of LUADT1 and miR-34a was confirmed at 48h post-transfection by qPCR (**C**). The effects of overexpressing LUADT1 and miR-34a as well as silencing of LUADT1 on the expression of each other were also analyzed by qPCR (**D**). Experiments were performed in triplicate manner and mean values were presented and compared. \**p* \< 0.05.

Overexpression of LUADT1 Led to Upregulated GAS1 {#S0003-S2004}
------------------------------------------------

The data presented above may suggest that LUADT1 is a sponge of miR-34a. To test this possibility, the effects of LUADT1 and miR-34a on the expression of GAS1, a validated target of miR-34a, were evaluated by qPCR and Western blot at mRNA ([Figure 4A](#F0004){ref-type="fig"}) and protein ([Figure 4B](#F0004){ref-type="fig"}) levels, respectively. It was observed that overexpression of miR-34a led to downregulated GAS1 (*p* \< 0.05). Interestingly, overexpression of LUADT1 led to upregulated GAS1 and totally reversed the role of miR-34a (p \< 0.05). Moreover, downregulated expression of GAS1 was observed after the silencing of LUADT1 ([Figure 4C](#F0004){ref-type="fig"}).Figure 4LUADT1 negatively regulated GAS1 through miR-34a. The effects of LUADT1 and miR-34a on the expression of GAS1, a validated target of miR-34a, were evaluated by qPCR and Western blot at mRNA (**A**) and protein (**B**) levels, respectively. The effects of silencing of LUADT1 on the expression of GAS1 were assessed by Western blot (**C**). Experiments were performed in triplicate manner and mean values were presented and compared. \**p* \< 0.05.

LUADT1 Regulated miR-34a/GAS1 Axis to Suppress SCC090 Cell Proliferation {#S0003-S2005}
------------------------------------------------------------------------

The effects of LUADT1, miR-34a and GAS1 overexpression on the proliferation of SCC090 cells were assessed by CCK-8 assay. Cell proliferation assay revealed that overexpression of LUADT1 and GAS1 resulted in increased cell proliferation rate. MiR-34a plays an opposite role and reduced the effects of overexpression of LUADT1 ([Figure 5](#F0005){ref-type="fig"}, *p* \< 0.05).Figure 5LUADT1 regulated miR-34a/GAS1 axis to suppress SCC090 cell proliferation. The effects of LUADT1, miR-34a and GAS1 overexpression on the proliferation of SCC090 cells were analyzed by CCK-8 assay. Experiments were performed in triplicate manner, and mean values were presented and compared. \**p* \< 0.05.

Discussion {#S0004}
==========

This study investigated the roles of LUADT1 in OSCC, which is a common type of oral cancer. We found that the downregulation of LUADT1 in OSCC is correlated with poor survival. In addition, LUADT1 may serve as an endogenous sponge of miR-34a to upregulate GAS1, which in turn promotes cell proliferation.

The functionality of LUADT1 has only been investigated in lung adenocarcinoma.[@CIT0013] LUADT1 is reported to be upregulated in lung adenocarcinoma and can downregulate p27 through methylation to promote cancer cell proliferation.[@CIT0013] Our study also observed the upregulation of LUADT1 in OSCC. In addition, overexpression of LUADT1 led to increased proliferation rate of OSCC cells. Therefore, LUADT1 is likely an oncogenic lncRNA in OSCC. Our data and previous studies suggest that LUADT1 may play similar roles in different types of cancer, indicating the similar molecular pathogenesis shared by different types of cancer.

The survival of OSCC patients is generally poor,[@CIT0016],[@CIT0017] largely due to the low early diagnostic rate. However, this situation is unlikely to be changed due to the lack of effective early diagnostic markers. In this study, we observed that the high expression levels of LUADT1 were correlated with the poor survival of OSCC patients. Therefore, expression levels of LUADT1 measured before treatment may be used to predict the survival, which in turn provides guidance for the selection of therapies and care programs. However, clinical trials bigger sample size are needed to further investigate the prognostic values.

A recent study reported that miR-34a could target GAS1 to promote cell proliferation in papillary thyroid carcinoma.[@CIT0014] Consistently, our study also showed that miR-34a can downregulate GAS1 to suppress cell proliferation in OSCC. Our results showed that LUADT1 and miR-34a could interact with each other, while they did not regulate the expression of each other. Instead, overexpression of LUADT1 led to upregulation of GAS1. Therefore, the most reasonable explanation is that LUADT1 may be an endogenous control of miR-34a to suppress its oncogenic roles. However, the functions of ncRNAs may also rely on their tertiary structures. Therefore, studies on the elucidation of the structure of LUADT1 are also of great importance.

Conclusion {#S0005}
==========

In conclusion, LUADT1 is upregulated in OSCC and may upregulate GAS1 by sponging miR-34a, thereby promoting cell proliferation in OSCC.
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